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Northeast Digtrict Office

Ohio Environmenta Protection Agency
2110 East Aurora Road

Twinsburg, OH 44087

RE:  Recommended Management Practices based on the Removal Action at the
Warren Recydling / Warren Hills Landfill Ste

Dear Mr. Harris and Ms. Snyder,

Asyou know, one of the objectives of U.S. EPA’s recent removal action at the Warren Recycling Site
(“Site”), Warren, Trumbull County, Ohio, was to develop “ Recommended Management Practices’
(RMPs) based on our experiences while conducting this chalenging cleanup. This Site was an example
of how dangerous congruction and demolition (C& D) debris landfills can become if not properly
managed to control the potential generation of highly concentrated hydrogen sulfide gas. Over the past
year, we have committed to the loca public to develop the RMPs in the hope that other C&D debris
landfillsin the State of Ohio recognize these potentid dangers and avoid becoming a community health
thresat.

The enclosed document was developed by U.S. EPA Region 5's Waste Management Branch, in
consultation with our multi-agency Site team. The recommendations in this enclosure have been
thoroughly reviewed and edited by those who have devel oped extensive experience with hydrogen
aulfide generation and response issues at C& D debris landfills. | hope you will find this useful as you
continue to assst and regulate the C& D debris community.



If you have questions, fed freeto cal me at 440-250-1743, or Ramon Mendoza, in our Waste
Management Branch, at 312-886-4314.

Sincerdly,

Mark Durno,
On-Scene Coordinator

ENCLOSURE

CC: R. Mendoza, DW-8J
M. Setnicar, Chief, DW-8J
M. Guerriero, Director, DW-8J
J. El-Zein, Chief, SE-GI
W. Bolen, Chief, SE-5J



ENCLOSURE

Management Practicesto Prevent and Control Hydrogen Sulfide Gas Emissionsat C& D
Debris L andfills Which Dispose of Pulverized Gypsum Debrisin Ohio

1.0 Introduction

Construction and demolition (C&D) debris landfills that dispose of large amounts of gypsum wallboard
that has been pulverized into a powder form have the potentid to emit hydrogen sulfide (H,S) gas at
potentialy harmful levels under certain conditions. This document provides information on when this
may occur and the management practices that may be ingtituted to prevent such emissons. In most
cases, the disposal of gypsum wallboard in C&D debris landfills would not present such a problem.
Thus, this document is focused on those C&D debris landfills where the release of H,S may be anissue.
This document does not apply to municipa solid waste landfills that use C& D fines as dternative daily
cove.

The information presented in this document, unless otherwise noted, is primarily based on our
knowledge and experience gained from our time-critical remova action at the Warren Recycling Inc.
(WRI) C&D Landfill Site, and discussions from a collaborative group which included officias from the
United States Environmenta Protection Agency (USEPA) Region 5, USEPA Office of Research and
Development (ORD), Agency for Toxics Substances and Disease Registry, & Ohio Environmental
Protection Agency (OEPA). For further information and questions on this matter, you should contact:

Mark Durno, On-Scene Coor dinator
Emer gency Response Branch
USEPA Region 5

25089 Center Ridge Road

Mail Code M E-W

Westlake, Ohio 44145

440- 250-1743

Ramon C. Mendoza, Environmental Engineer

Waste M anagement Branch (DW-8J)

Waste, Pesticides, and Toxics Division

USEPA Region 5

77 W. Jackson Blvd, Chicago, I1l. 60604

Tel: 312-886-4314, Fax: 312-353-4788, Email: mendoza.ramon@epa.gov

Thabet Tolaymat PhD., Environmental Engineer

National Risk Management L aboratory

Office of Resear ch and Development

26 West Martin Luther King Drive, Cincinnati, Ohio 45268

Tel: 513-487-2860, Fax: 513-569-7879, Email: tolaymat.thabet@epa.gov
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1.1 Background

A magjor source of H,S gasemissons at C& D debrislandfillsin Ohio has been attributed to the disposal
of large amounts of pulverized gypsum wallboard in powdered form. H,S gas emissons may occur
from the aforementioned debris if conditions and/or operational practices result in the pulverized gypsum
drywall coming in contact with moisture under anaerobic conditions. Because of H,S's objectionable
rotten-egg like odor, owners of disposd facilities that emit H,S gas may find themsdvesfacing
numerous complaints from the surrounding communities. Operators of these landfills often expend
resources to modify their operationa practices, and conduct other actions to reduce odors caused by
the H,S gas.

In generd, this document is based on current industry and regulator experience in Ohio, case studies
(including Warren Recycling Inc.), academic research (such as from the University of Florida)
conducted on the subject matter and experiences from other dtates.

The management practices described in this document are provided as recommendations.

1.2 Conditions at WRI C&D Debris Landfill and Summary of USEPA Time
Critical Removal Action:

The WRI Site was one of anumber of C&D debris landfillsin Ohio. Improper operating practices and
environmenta conditions a WRI (poor storm water/surface water control, no consstent cover, large
amounts of pulverized gypsum, anaerobic environment, organic sources, and ided ph and temperatures)
led to the release of H,S gas at levels that posed an imminent threat to nearby residents and
schoolchildren

The 200-acre WRI gite, located in Warren, Ohio, was operated as a C& D debris landfill from 1994 to
2004. The gteislocated in amixed commercid and resdential area. Residentid homes are within 100
feet of thefadlity. A high school and eementary school were located within 1 mile of the facility.

OEPA egtimated that sometimein Dec. 2002 or early 2003, WRI started accepting and disposing of
large amounts of pulverized C&D debris (arrived by raill). This pulverized C& D debris has been
crushed to the extent that the mgority of the gypsum drywall was in a powder form. OEPA indicated
that the C&D debrisat WRI had a density of 2.5t0 2.8 cubic yardsiton.  From January 2003 to June
14, 2004, OEPA estimates that the facility accepted and disposed of 1,762,412 cubic yards (704,965
to 629,432 tons) of pulverized C&D debris. According to inspections by OEPA during this period,
C& D debriswas not covered on aregular basis. In addition, sormwater was not diverted away from
the working face of C&D debris resulting in large amounts of leachate. This leachate was alowed to
gtand in permanent leachate ponds. Consequently, OEPA cited the facility severa timesfor violations of
its C& D debris regulations.



According to OEPA, the odor problem became more serious during the aforementioned period.
Residents complained of arotten egg smell and health symptoms, particularly those to the north and
west of the landfill. Based on the results of extengve ar sampling, the ATSDR concluded in November
2003 that exposure to H,S gas presented an urgent public hedth threat to the neighboring community.
Federd, state and loca agencies worked cooperatively to bring WRI into compliance with state and
locd laws, eventudly requiring the facility to submit a plan that would resolve the environmenta
problems and permanently close the landfill. Because the company had not complied with this order,
USEPA began an interim (“time-criticd”) deanup in 2005 to reduce the immediate hedlth threat posed
by the H,S ges. *

USEPA and its contractors collected al loose construction and demoalition debris on the property and
placed it in the open face of the landfill. The open face at WRI had been left uncovered and exposed to
the e ements when the company operating the landfill went out of business. USEPA then covered the
open face with atemporary clay cap to keep rainwater out of the landfill.

Before the USEPA cleanup, rainfdl and snowmelt had been alowed to collect in ponds, pits and other
low areas surrounding the landfill. In fact, sanding water bordered nearly haf the southwest section, and
when water reached the gypsum-containing debris, hydrogen sulfide gas was produced. USEPA solved
this problem by draining and filling with clean clay dl aress of standing water surrounding the southwest
portion. To ensure proper drainage in the future, alarge ditch was congtructed to carry rain and melted
snow away from the landfill. In addition, the surrounding land was graded (doped) so water would flow
into the drainage ditch and away from the landfill.

USEPA congructed a temporary cap of compacted clay to cover the southwest portion of the landfill.
The cap, more than afoot thick, will keep rain and snow from soaking into the landfill and mixing with
the debris, thus substantidly reducing the formation of hydrogen sulfide gas. To reduce future soil
erosion, the cap will be seeded. This cap is atemporary measure designed to address the immediate
hedlth risk associated with the gas. When the landfill is permanently closed, this cap may need to be
made thicker to conform to OEPA requirements.

The ssormwater management system is designed to carry away water collecting on or near the landfill,
and the cap prevents new water from seeping into the landfill. USEPA dso had to remove alarge
portion the contaminated water (or leachate) trapped insde the landfill. USEPA designed and ingtdled
asystem of pipes and pumps to draw the leachate from the landfill and surrounding ponds. The leachate
istreated on-Site, and is then discharged into the locd sanitary sewer. By May 2006, over 13 million
gallons of leachate have been collected, trested and discharged. Leachate levelsingde risers of the
landfill’ s collection pad have decreased from 13 feet deep to 6 feet in the Sx months the system has
been operating, and levels are expected to drop further as it continues to operate.

! After analyzing measurements across the entire surface of the landfill, USEPA determined that the only portion of
the landfill needing immediate cleanup was the tallest of three sections |ocated in the area known locally asthe
southwest section. The other two sections of the landfill also produce H,S gas, but, the levels of gas do not pose an
immediate public health risk.

5



The aforementioned response action provided knowledge and experience that can be used to prevent
and control H,S gas at other Smilar Stes. These dtes are C&D debris landfills that dispose of large
amounts of gypsum wallboard that has been pulverized into a powder form where the gypsum is
exposed to moisture and anaerobic conditions.

In Juy 2006, afind site survey of hydrogen sulfide concentration was conducted. The survey was
conducted in the same manner as the pre-removd survey. Utilizing alow-level caibrated hydrogen
sulfide monitor, data was collected at the surface of the landfill on agrid of 50-foot intervals. The
results were dramétic. With smilar meteorologica conditions, the hydrogen sulfide maximum
concentration was reduced from 165 parts per million (ppm) in May 2005 to .043 ppm in July 2006.

For more detailed information about USEPA’ stime critica removd actions a WRI please go to:
http://mwww.epaosc.org/WarrenRecycling , or contact Mark Durno, the USEPA federa on-scene
coordinator for the site.

2.0 Hydrogen Sulfide Gas (Note: Unless otherwise noted all information
regarding H,S comes from ATSDR, References 1 & 1a)

This section provides information which describes H,S gas characteristics and levels that have been
established at the federd leve to protect on-Ste workers (including personnel doing monitoring
activities) and off-gte resdents. The information aso may be used as a reference to educate the
community and asss in the development of Ste-specific monitoring and action plans.

H,S Gas Characteristics : H,Sisaflanmable (explosve limit between 4% and 45% in air, Ref. 2),
colorless gas with a characterigtic strong odor of rotten eggs. It is aso known as hydrosulfuric acid,
sewer gas, sulfuretted hydrogen, hydrosulfuric acid, hepatic ges, sour gas, and stink damp. H,Sisa
naturaly occurring gas that is found in crude petroleum, natura gas, volcanic gases, and hot springs.
There are also anthropogenic (man made) sources of H,S gas, such as fromfood processing, coke
ovens, paper manufacturing mills, tanneries, solid waste disposd facilities, petroleum refineries and
waste water treatment plants.

Humans can smdl H,S gas at low levels (0.0005 to 0.3 parts per million [ppm]). However, a higher
concentrations, at or above 100 ppm, individuals may not detect H,S gas due to olfactory fatigue.
Olfactory fatigue is a condition that inhibits the ability to smdll particular substances, usudly due to
overexposure. Olfactory fatigue can occur from acute (immediate) exposure to high concentrations and
from chronic (continuous) exposures to low concentrations. For thisreason, odor is not ardiable
indicator of H,S's presence and may not provide adequate warning of hazardous concentrations. H,S
gasisdightly heavier than air and may accumulate in enclosed, poorly ventilated, and low-lying arees.
When released, H,S gas may be converted into sulfur dioxide, which is one of the six priority pollutants
that are subject to the national ambient air quaity standards (Ref. 20). H,S gas dso is readily soluble
(3,700 milligramg/liter) in water, thus when liquids contaminated with H,S gas are exposed to the air,
dissolved H,S gas may be emitted to the atmosphere.



Residential Scenario Screening Levelsfor H,S Gas: Off-gte resdents who live near disposal
fadilitieswhich emit H,S gas may experience longer exposure periods than on-site workers. Because of
the potentia for alonger exposure period, the unsafe H,S gas leve for off-gte resdents may be lower
than what it would be for on-Ste workers. Currently, there are no enforcesble federal standards for
off-site H,S gas emissons from landfills. As mentioned earlier, various USEPA Regions and some
states have developed guidance and criteriafor H,S gas, none of which specificaly address emissons
from C&D debrislandfills. Spedificaly:

Two USEPA regions have published risk based screening levels which may be applied
to residentid exposure scenarios. Preliminary remediation godsin ambient air of
0.00072 ppm and 0.0015 ppm of H,S gas have been established by USEPA Region 9
(Ref. 3) and 3 (Ref. 4), respectively. The US EPA in the aforementioned regions
considers H,S gas concentration at these levels and below to be safe, where exposure
over 30 years, 24 hours aday will not result in apublic hedth threat. These are not
considered levels a which aresponse action is warranted.

USEPA has published Acute Inhalation Exposure Guiddines (Ref. 5) defined as “the
arborne concentration of a substance above which it is predicted that the generd
population, including susceptible individuas, could experience notable discomfort,
irritation, or certain asymptomatic non-sensory effects. However, the effects are not
disabling and are transent and reversible upon cessation of exposure.” For H,S gas,
the values were set at 0.51ppm (1hour exposure time), 0.36ppm (4 hour exposure
time), & 0.33 ppm (8 hour exposure time).

Other organizations, including other federa agencies, dso have developed guidance or criteriafor
exposureto H,S gas. Specificaly:

The Agency for Toxic Substances and Disease Registry (ATSDR) has noted that
exposure to low concentrations of H,S gas may cause irritation to the eyes, nose, or
throat. It may aso cause difficulty in breething for some asthmatics. Brief exposures to
high concentrations of H,S gas (greater than 500 ppm) can cause a loss of
consciousness and possibly death. In most cases, the person appearsto regain
consciousness without any other effects. However, in many individuds, there may be
permanent or long-term effects such as headaches, poor attention span, poor memory,
and poor motor function. No hedlth effects have been found in humans exposed to
typica environmenta concentrations of H,S (0.00011-0.00033 ppm, ATSDR).

ATSDR has derived minimum risk levels (MRLS) for H,S gas based on inhalaion
exposure. An MRL is an estimate of the daily human exposure to a hazardous
substance that is likely to be without appreciable risk of adverse non-cancer hedth
effects over a gpecified duration of exposure. These substance specific estimates, which
are intended to serve as screening levels, are used by ATSDR hedlth assessors and
other responders to identify contaminants and potentia hedlth effects that may be of
concern at hazardous waste sites. It isimportant to note that MRLs are not intended to
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define clean up or action levelsfor ATSDR or other Agencies. For H,S gas, the MRLs
are 0.070 ppm for acute (0-14 day) exposure and 0.030 ppm for intermediate (14-365
day) exposure durations. It isimportant to note that ATSDR has drafted new MRLs
for H;Sgas. (.2ppm acute MRL, .02 intermediate MRL). These MRLs are
undergoing public comment and have not been adopted as of the date of this document.

The American Indudtrial Hygiene Association (AIHA) has established an ERPG-1
(Emergency Response Planning Guiddine) for H,S gas of .1 ppm as a 60 minute time
welghted average concentration. Thisvaue is arecommended action leve that is
intended to be protective of al human populations.

On-Site Worker Levelsfor H,S Gas. The Occupationa Safety and Hedth Administration (OSHA)
has established a permissible exposure limit (PEL) for generd industry of 20 ppm with the following
exception: if no other measurable exposure occurs during the 8-hour work shift, exposures may exceed
20 ppm, but not more than 50 ppm for a single time period up to 10 minutes. The Nationa Indtitute for
Occupationd Safety and Hedlth (NIOSH) adopted a recommended exposure limit (REL) of 10 ppm
for H,Sgas. Furthermore, NIOSH has set alimit of 100 ppm of H,S gas asimmediately dangerous to
life or hedth (IDLH). (Ref. 7).

The following table summarizes the aforementioned H,S gas standards, guiddines, and screening levels.



Hydrogen Sulfide Gas Standar ds, Guidelines, &
Screening Levels

Hydrogen Sulfide Olfactory Lower Range

Hydrogen Sulfide Olfactory Fatigue

USEPA Region 9 Preliminary Remediation Goal ; Chronic
exposure (residential) scenario, 30 years 24 hours aday,

taking into account child exposure

USEPA Region 3 Risk Based Concentration; Chronic
exposure (Residential) Scenario, 30 years, 24 hours a day

USEPA Acute Inhalation Exposure Guideline

American Industrial Hygiene Association (AIHA) ERPG-
1 (Emergency Response Planning Guideline)

ATSDR Acute Minimum Risk Level (1-14 day exposure);
Intermediate Minimum Exposure Level (15-356 exposure)

* k%

OSHA Permissible Exposure Limit , Genera Industry
NIOSH Recommended Exposure Limit (40 hours)

NIOSH Immediately Dangerousto Life or Health

Concentration

0.0005- 0.3 ppm
100 ppm (at 2-15 minute exposure)

0.0007 ppm

0.0015 ppm **

0.51 ppm for 1 hour exposure
0.36 ppm for 4 hour exposure
0.33 ppm for 8 hour exposure

.1 ppm as a 60 minute time weighted average
concentration. *

.070 ppm (acute) *

.030 (intermediate) **

20 ppm (50 ppm peak for 10 minutes)
10 ppm

100 ppm

* USEPA site-specific action level used at WRI time-critical removal action

** USEPA site-specific cleanup level used at WRI time-critical removal action

*** ATSDR has published new draft MRLs (undergoing public comment), .2ppm acute MRL & .02 intermediate

MRL.



3.0 How Hydrogen Sulfide Gasis Generated at C&D Landfills.

Gypsum drywadll (aso known as gypsum walboard or drywall) is one of the mgor components of the
C&D debriswaste stream as presented in Table 1-1 (Ref. 8, 9) . Gypsum is composed of cacium
sulfate dehydrate (CaSO,¢2H,0) and is the mgor component of drywall (Ref. 10).

Composition of the C& D Waste Stream in the United States from Construction Activities

(Ref. 8,9)
Component Percent Composition
by Mass

Concrete and mixed 40-50%
rubble

Wood 20-30%
Drywall 5-15%
Asphalt roofing 1-10%
Metals 1-5%
Bricks 1-5%
Plastics 1-5%

Pulverized gypsum drywal has been identified as the maor contributor for H,S gas production and
emissonsin C&D landfills (Ref. 10, 11 &12). Drywall conssts of 90% gypsum and 10% paper (Ref.
10). When wetted, the sulfate in the drywall dissolvesinto solution. H,S gasis generated as aresult of
a series of reactions that biologically reduce the sulfate leached from the gypsum board under anaerobic
(absence of air) conditions like those prevalent a many C&D debrislandfill stes (Ref.10). Under these
anaerobic conditions, sulfate reducing bacteria (SRB) produce H,S gas from the sulfate (SO,2) in
gypsum and the organic carbon waste materids as follows (Ref.10,12):

SO +2CH,0 b 2HCO.' +H,S

Based on stoichiometery aone, one hundred tons of sulfates have the potentid to produce thirty five
tons of H,S gas (Ref. 12). Research suggeststhat in C&D debrislandfills, SRBs are the primary
microorganisms responsible for generating H,S gas (Ref.10). SRBs use sulfur as an eectron acceptor
when oxidizing organic matter during the respiration process (Ref. 10). Apart from requiring the
bacteria community to be present, in this case SRBS, specific conditions are required for SRBsto
generate H,S gas.

a. A good source of sulfate, in this case, is gypsum drywall: Gypsum drywdl enters C&D  debris
landfills from severd different locations, including manufacturing facilities, construction Sites, renovation
activities, building demoalitions, disaster debris, and manufactured housing plants (Ref. 10).

b. Presence of organic matter: Because of its paper backing and some of the starchy binding
additives used in the manufacturing process, drywall contains both the sulfate and organic matter to
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sugtain aviable community of SRBsthat potentidly may generate H,S gas (Ref. 10,11,13). It isnoted
that the H,S gas generation ratein C&D debris landfillsis limited by the amount of degradable organic
matter in thefill.

C. Wet conditions: The biological conversion of sulfate to H,S gas must occur in saturated or wet
conditions. Water can be present from the waste and from precipitation. The uncontrolled introduction
of surface water or slorm water run on, run off and ponding can lead to awet environment within the
landfill and may cause H,S gas generation. (Ref. 10,11,14).

[Note: States (with federaly approved solid waste programs) and federa criteriafor C&D debris
landfills have reguirements gpplicable to C& D debris landfills which require the control of surface water
& storm water. Compliance with these requirements will contribute to preventing and controlling H,S
gasemissons]

d. Anaerobic conditions: SRBs are drict anaerobic (no oxygen) microorganisms. This means
they cannot survive in the presence of oxygen. Anaerobic conditions can be produced within landfills
when waste is compacted. However, the introduction of air into C&D debris landfills should not be
alowed under any circumstance because of fire potentid. (Ref.10,11,13)

e. Neutral pH range: SRBsthrive in environments with neutrd pH range (6 to 9). The optimum
pH for SRBsis approximately 7 (Ref. 10).

f. Temperature between 20 and 39 C (68 and 102.2 F): Thistemperature rangeis
important for the survival of SRBs (Ref.10).

If the above conditions are all present, the SRBs break down the gypsum and H,S gasisformed. The
rate at which H,S gasis generated depends on many factors like the availability of organic subgrate, as
well asthe other aforementioned conditions. However, when any one of these conditions is absent, the
SRBswill not thrive and will not produce H,S gas (Ref. 11). Thus, this document and the management
control practices discussed in the next section are focused on those C& D debris landfills where al these
conditions are present.

4.0 H,S Prevention and Control Management Practices

Many gsates and C& D landfills have devel oped good management practices or requirements to control
H.S gasformationsin C&D landfills. However, where a particular C&D debris landfill meets dl of the
conditions, described above, certain management practices (MPs) can be utilized to prevent and control
such emissons. This section describes those management practices (MPs) that a C& D deboris landfill
may utilize to prevent and control H,S gas emissons. Depending on the Ste conditions and the
magnitude of the problem, one or more of the suggested MPs may be more effective than others. These
MPs focus on controlling H,S gas emissions by either removing an environmenta requirement of SRBs
or by changing environmental characterigtics of the Ste. Any one or combination of more than one of
the MPs may be implemented at a Site depending on site-specific conditions and location. Therefore,
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we recommend that the MPs presented in this text be eva uated separately by the Site owner/operator
for technical feasibility and cost effectiveness,

4.1 Gypsum Drywall Diversion/Recycling

Gypsum drywadl diversion, recycling and reuse of the materia is recommended as the firs MP
examined, if possble. This practice removes or minimizes the gypsum before disposa. Gypsum drywall
iscommonly used in various recycling and reuse techniques. Source separation has been shown to be
an effective method to collect gypsum drywall in ardatively cean fashion, while keeping cost a a
minimum. A dedicated covered waste receptacle for drywall tends to facilitate recycling efforts a most
congtruction jobs. For more information about drywall recycling and reuse, visit
(https./mww.drywallrecycling.org).

pH Control

SRBs require a pH range of approximately 6 to 9 to effectively reduce sulfur to produce H,S gas. The
idea of pH control isto dter the pH of the gypsum drywall to arange that is not hospitable for SRB
growth. This can be accomplished by the application of a buffering agent which changes the pH of the
system and maintainsit at either an dkaine pH >9 or an acidic pH <6. However, since acidic pH in
disposa environments may cause concern regarding the mobility of various other contaminants (e.g.,
metals), the use of acidic buffering agents (pH <6) is discouraged. Contralling the pH at an dkaline
environment (pH >9) may provide ardativey safe and cheap method of H,S gas emisson control (Ref.
13). However, for congderation, certain metals, such as arsenic and selenium are more mobile a
dkaine pH. Various methods of controlling akaline pH are discussed below.

An example of pH contral is the addition of lime (Ca0), (Ref. 13). The use of lime as a trestment for
H,S gas control may aso assst in the problems associated with leachate. An increase in the pH
reduces the solubility of metdlic sdts and thus reduces the amount that may migrate to the leachate.
Laboratory and field studies conducted at the University of Florida suggest thet lime may dso act asa
sorbent materid for H,S gas, where it attenuates H,S gas and prevents it from migrating from the landfill
surface (Ref. 16).

4.3 Moisture Control (Ref. 16, 17, 18)

One of the required factors for SRBs to produce H,S gasis moisture. Thus, moisture diverson can
play amgor role in controlling gaseous emissions, including H,S, from debris disposa facilities that
accept large amounts of pulverized gypsum drywdl. Moisture control at such C&D debrislandfills may
include the management and diverson of storm water, aswell as surface water management, and in
some cases |eachate management.

Specificdly, we recommend that moisture infiltration into these types of wastes be controlled by using a
surface water run-off management sysem smilar to that found at various municipa solid waste
management facilities. Storm water diverson from a debris disposd facility that accepts large amounts
of pulverized gypsum drywall is dso an important component in moisture control. Designing a proper
storm water management system is important for adequate facility drainage and water control. Storm
water can be managed with design and construction methods such as it fences, rock dams, erosion
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control mats, diverson channels and berms. Such systems reduce the amount of moisture that getsin
contact with the C& D debris and will help reduce ponding and leachate volume,

Dally and long-term cover to prevent sorm water from infiltrating into the debris containing pulverized
gypsum drywdl may aso be appropriate. Daily covers and long term covers, as will be discussed later,
may aso play amgor role in atenuating H,S gas emissons. Long-term maintenance and cover erosion
controls may be necessary to prevent washout. By maintaining an effective cover, facilities will reduce
management costs by preventing the formation of H,S gas.

In genera, C&D debris landfills must comply with state and federd (40 Code of Federal Regulations
Parts 257.3-1, 257.3-3, 257.8, 257.9 as gppropriate) requirements to control surface water and
prevent these types of facilities from being located in areas such as wetlands and floodplains.
Compliance with these requirements should contribute to controlling H,S gas emissons.

At the WRI cdleanup, USEPA diminated the leachate ponds and constructed an effective surface/storm
water control system that prevented ponding and reduced the amount of leachate generated, leading to
the reduction of H,S gas emissons.

4.4 L eachate Management (13,18)

Because of H,S s high solubility in water, leachate from C& D debris landfills that contain H,S gas may
cause odor problems as it migrates off the site. Thus, C&D debris landfill leachate can become a
sgnificant source of H,S gas, epecialy when sulfate concentrations are elevated. Depending on state
and locd regulations, C&D debris landfills that accept large amounts of pulverized gypsum drywall,
particularly if it is pulverized into a powder form, may be required to collect and manage leachate
generated a the Site. In such a scenario, the collected leachate may have to be treated for H,S gas and
managed in accordance with specified requirements.

The removd of H,S from leachate is mainly accomplished by chemica oxidation processes. These
processes commonly utilize an oxidizing agent to oxidize H,S to form dementa sulfur or sulfate
depending on the pH. The oxidizing agent may be stored on site and is usudly introduced to the
leachate at the Site before the leachate is transported to the loca wastewater trestment plant for further
treatment. Leachate recirculation is not recommended as a leachate management option at C& D debris
landfills with significant amounts of pulverized gypsum. The recirculated leachate provides both the
moisiure and microbia seed, thus promoting further H,S gas generation.

At the WRI cleanup, USEPA dewatered and filled in the leachate ponds and indtalled an effective
leachate treatment and disposa system to effectively control H,S gas emissions (Ref. 18).

4.5 Capping/Cover/Alternative Cover Materials (Ref. 16, 17, 18,19)

Temporary and permanent covers are effective in reducing H,S gas emissons from C&D debris landfills
by controlling and reducing the moisture and attenuation of H,S gas emissions. Section 4.3 discussed
the use of cover materid to control moisture. This section will address issues regarding the use of
various cover materias as passve treatment systems for H,S gas emissons from C&D debris landfills.
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Research conducted at the University of Horida concluded that cover materials can effectively reduce
H,S gas emissons from C&D debrislandfills. Apart from its thickness, cover effectiveness largely
depends on the physicd and chemical characteristics of the cover materia. These studies concluded
that lime and fine concrete are the most effective (99% reduction of H,S gas) cover materias for
reducing H,S gas emissions, while sandy and clayey materids showed average reduction efficiencies
(77% to 98% effective) and coarse concrete was the least effective (23%). Cover materids that
contain amixture of soil, ash, and compost have aso been shown to be effective in controlling H,S gas
emissions,

To achieve the mogt effective H,S gas contral, it is generaly recommended that permanent covers be
ingtaled as soon as the final grade of C&D debrisisreached. In areas that are inactive, but have not
yet met final grade, temporary covers can be used. We encourage that cover materials be inspected
frequently to check that no damage has occurred. 1t may aso be effective to apply cover materids
prior to large rain events, in order to prevent the gypsum waste from getting wet.

Capping/cover materids are effective when combined with other management practices, such as gas
collection. Severa states have reported success with this remedy for C&D debrislandfills (Ref. 19).

At the WRI cleanup, USEPA used aclay cover combined with surface/stormwater control and leachate
control & trestment to effectively control H,S gas emissons (Ref. 18). As previoudy noted, maximum
detectable concentration of hydrogen sulfide gas was reduced from 165 ppmto 0.043 ppm at the
surface of the landfill.

4.6 Education and Training

Recyclers, transfer ation operators, and landfill operators should understand how H,S gasis produced
in C&D debris landfills, particularly a those C&D debris landfills that meet the criteriaidentified in
Section 3.  Awareness of the mechanisms behind the formation of H,S gas and methods that effectively
prevent or restrict the formation of H,S gas will support knowledgeable decis on-making when working
with C&D debris (Ref. 11).

Specificdly, it is recommended that landfill operator training a a C&D debris landfill managing large
amounts of pulverized gypsum include: 1) how to identify and/or segregate C& D debris containing
pulverized gypsum drywadl; 2) cover gpplication and maintenance; 3) moisture control methods such as
surface water and stormwater control procedures (e.g. ponding prevention) and proper leachate
management, 4) H,S gas identification; 5) ongte/perimeter inspections and H,S gas monitoring methods
(Note: Thisincludes recognition of H,S gas odors and to report the time, location, weather conditions,
and any unusud Site conditions); and 6) hedth and safety/emergency procedures involving H,S gas (Ref.
18).

4.7 Active Gas Collection

Active gas collection and recovery systems, if properly designed, can collect and treet the effluent gas
and effectively reduce H,S gas emissons at C&D debrislandfills. According to a USEPA Region 5
preliminary survey in May 2005, severd states, which have had serious H,S gas odor problems,
reported success in controlling H,S gas odors by requiring C&D debrislandfillsto ingtal these sysems
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in combination with covers (Ref. 19).

However, due to the high capital, operations, and maintenance costs, we believe that active gas
collection systems be considered as one of the last control options to be implemented & a given Ste.
(Note: If such asystem is put into place, the owner and operator may want to consult aqudified
professona engineer to design and congtruct the system.)

4.8  An Integrated Approach for the I dentification and Remediation of H,S
Emissions

In some cases, owners and operators may find it appropriate to establish Ste-specific H,S gas
monitoring and response plans. Various state and/or loca regulations may aready require some type of
monitoring at these facilities, however, H,S gas specific monitoring systems discussed in this document
can also be incorporated to provide additional assurance when needed.

Like dl environmenta monitoring plans, the main god of an H,S gas monitoring plan isto protect human
hedlth and the environment. Specificaly, the god of an H,S gas monitoring and response plan isto
prevent the inhaation of objectionable or unsafe concentrations of H,S gas by onsite personnd and
anyone who works or resides near a C&D debris landfill that disposed of C&D debris containing large
amounts of pulverized gypsum drywal. A ste owner’s and/or operator’ simplementation of an early
detection and response system for monitoring H,S gas emissons may grestly reduce or diminate
potential need for future mitigation.

In order to creste an effective monitoring plan, the owner operator may consider the following factors:

4.8.1 Site Location (Ref. 18)

It is recommended that the location of debris disposa facilities that contain large amounts of pulverized
gypsum drywadl avoid areas where the debris may become wet or saturated. These locations include
wetlands, flood plains or areas prone to flooding, or areas that have a high ground water teble. By
keeping the gypsum dry, H,S gas generation would likely not occur and the potentid problems
associated withiit.

States and loca governments limit the sting of new C&D debris landfills near resdentid aress. This
would reduce potentia concernsin the case of H,S gas problems. The greater distance (that separates
these facilities from near-by communities) provides more time for natura disperson and dilution of H,S
gas emissions, which ultimately leads to alower exposurerate.  Specificdly, the owner or operator
should consider the Ste-specific potentid for debris saturation and the distance to human receptors for
any new or pre-exigding ste.

The aforementioned location factors were present at the WRI Site. USEPA noted that the Site was
located in an areawhere residents were within 100 feet of the facility. In addition, the WRI steis
stuated in alow, poorly drained, former wetlands area with soilsrich in day, which facilitated
stormwater ponding and exposed the C& D debris to wet/saturated conditions.

15



4.8.2 Site Conditions

For C&D debris digposd fadilities that handle large amounts of pulverized gypsum drywall, it isagood
practice for afacility operator to acquire documentation for the following:

Site topography. Since H,S gasis heavier than air, it tends to settle and concentrate in low-
lying areas. Understanding the topography will help in identifying areas where H,S gas may
linger and would lead to more effective management of such emissons.

On-site and off-site structures. Structures where leachate may migrate and subsequently emit
H,S gas causing some exposures to workers and nearby residents are important to identify.

Understanding of the water table and its seasonal fluctuation. One of the main factorsin
H.S gas generation from pulverized drywall iswetting of it. Understanding where the
groundweter table is and kegping the pulverized debris containing gypsum drywal away from it
helpsin preventing H,S gas generation. Knowing this aso would help evaduate the maximum
depth of any excavation to separation from groundwater.

Location of other potential sources of H,S gasin thearea. Debrisdisposa facilities that
handle large amounts of pulverized gypsum drywall are not the only facilities that can be a
potential source of H,Sgas. A poorly managed wastewater treatment plant may emit H,S gas.
Identifying the source of H,S gasis very important in addressing any potentid problems that
may arse.

Property boundaries and ownership adjacent to the facility. The owner or operator may
wish to gather information beyond the immediately adjacent properties based on site-specific
knowledge in order to identify potential receptors. Different gas monitoring techniques or
ingruments may be appropriate on-ste and off-site. Such information is hdpful in the rare event
where offsite H,S gas emissions become a concern.

The owner or operator may aso find it useful to assemble the following ste-gpecific information:

Records or information regarding the type of waste/debris disposed at the Site.
Facility condruction details, including any liners or fina cover.
Details of any existing and/or operating gas extraction or venting System.
Details of any exising gas monitoring system.
Facility gas generation potentid.
Higtorica records regarding gas investigations and monitoring, visua or olfactory observations,
ingpections or complaints, odor problems.
4.8.3 Sdlf Inspection Strategy

Because of the high sengtivity humans have to H,S gas odor (Humans can smell 0.0005 to 0.3 parts per
million of H,S gas), the initid warning of potentid problems may be by smell. Thiswould most likely be
in the form of complaints from neighbors or onsite workers about a rotten egg smell.
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Therefore, we encourage that periodic Site ingpections be conducted, by the facility operator, mainly to
identify sgns of potentid H,S gas emissions and to ensure implementation of management practices, if
any. Theinspections can dso serve to identify areas of high temperatures that may indicate a higher rate
of degradation. The ingpections might include a genera screening for H,S gas odors dong the facility
perimeter and are best conducted during the early morning or late evening hours since odors are most
likely to occur at thesetimes. Emissions may vary depending on temperature changes, aswell aswind
speed and direction.

(Note: As mentioned earlier, ingpectors should be aware that at higher concentrations, at or above 100
ppm, individuals may not detect H,S gas due to olfactory fatigue. For this reason, odor is not ardisgble
indicator of H,S' s presence at higher concentrations and may not provide adequate warning of
hazardous concentrations)

If an H,S gas meter is available, the owner or operator may wish to include sampling dong the
perimeter and over agrid pattern across the areas of waste or debris placement during daily inspections.
Such sampling, conducted on aregular basis, could dert the owner or operator to the generation of
H,S gas. Gases could be released from the facility through fissures, cracks, uncovered aress, leachate
ponds, or erosion gullies. Such areas may easily be repaired to reduce or diminate off Site migration.
Early detection of potentia off Ste migration may aso dlow the operator to improve operationa
practices and employ additiona MPs, thereby reducing the need for more costly solutionsin the future.

If H,S gas odors are detected, the owner or operator can use a portable H,S gas andyzer to quantify
the extent and concentration of the H,S gas emissions and compare them to gpplicable hedth standards.

If the problem persists, we suggest that the owner and/or operator should consider a monitoring plan to
quantify on-gte and off-gite H,S gaslevels. The plan would be site specific and could be modified as
gte-gpecific data becomes avallable. Initidly, for example, monitoring can be conducted in downwind
and low lying aress, especialy if those areas are near potentia receptors. Once sufficient data have
been collected to determine the origin and extent of emissions, the monitoring plan can be updated to
examine specific areas of concern.

The location of monitoring pointsis mainly afunction of Ste-specific factors such as topography and
atmospheric conditions. Understanding the site topography, as mentioned above, is hdpful inidentifying
likely gas migration and accumulation locations and establishing monitoring points beyond the facility
boundary. In addition, if on-site monitoring is consdered gppropriate, we believe that it be conducted
in amanner that would facilitate ddineation of areas with higher concentrations.

When H,S gas monitoring is conducted, different gas monitoring instruments may be used for on-dte
workers and nearby residents, depending on the objective. For example, an instrument that is capable
of detecting H,S levels aslow as 0.001 ppm (1.0 ppb) may be appropriate for perimeter monitoring to
detect off-gte migration. On the other hand, on-Ste monitoring to ensure personnd protection may only
require an instrument that is capable of detecting H,S gas levels at or above 1.0 ppm (1000 ppb).
Instruments should be designed and calibrated specificaly for H,S. For maximum protection of the
fadlity personnel, as wdl as the generd public, proper sampling techniques and cdlibration should be
followed. In addition, we encourage that trained personnel operate the monitors who understand the
operating procedures and limitations of the instrument being used. For instance, monitors calibrated to
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detect H,S gas may show interference from other sulfur gases.

If H,S gas odor problems persist, meteorological data (i.e., temperature, wind speed and direction,
precipitation and barometric pressure) may be collected and analyzed. For additiond information on this
topic, refer to EPA-454/R-99-005 and/or EPA-450/4-87-007.

Once the owner or operator has established the source, concentration and extent of the H,S gas
emissions, decisions concerning gppropriate remedia action can be made. A few examples of the
management practices outlined in this text include applying cover materia, removing leechate, and
diverting surface/stormwater from areas of debris placement.

4.9 Other Practicesto be Considered

49.1 Community Outreach (Ref. 18)

Good community relations are part of every successful odor control program. Humans can detect the
odor of H,S gas a very low concentrations (as low as 0.0005 ppm). Even a low concentrations, H,S
gas can be offensive and complaints may occur, especidly during unfavorable weether conditions.
Therefore, we recommend that the owner or operator maintain effective communication with the
surrounding community and encourage involvemen.

At the WRI site, USEPA conducted regular meetings with the community and
local government to ensure that they were aware of the removal activities and had
a forum to express their concerns.

4.9.2 Local Fire Department | nvolvement

We recommend that the owner or operator establish action levels or be aware of required action levels
that trigger notification to hedlth officias, regulators, and local emergency response personnd.

5.0 H,S Gas Off-Site Migration (WRI Site Case Study)

This section provides an example of monitoring and response (through a case study) in the event that
H,S gas migrates off-gte into surrounding communities. These guiddines were used by USEPA, as part
of its contingency plan, & the WRI ste in Ohio, where atime critical remova action was initiated a a
former C&D debris landfill to address H,S gas releases to the surrounding community (visit
www.epaosc.org/warrenrecycling). The contingency plan specificaly focused on releases occurring as
aresult of on-gte activities during USEPA’ stime-criticd remova action. The following table
summarizes actions required at the WRI site if certain H,S gas conditions at the fenceline are achieved:
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st gas

Concentration

Length of Time of
Sustained Readings

ActionsRequired

.200 ppm

30 minutes at the fence
line

1. Federal on-scene coordinator may advise residentsto close
windows and stay inside.

2. If resident gives permission, conduct air monitoring inside
home.

3. If concentrations inside home are up to 200 ppb, FOSC
should notify Warren City Fire Department and defer to their
authority for community action.

1.0 ppm

10 minutes at the fence
line

1. Take immediate action on-site to mitigate the cause of the gas
release.

2. Alert the Warren City Fire Department and defer to their
authority for community action.

3.0 ppm

5 minutes at the fenceline

1. Take immediate action on-site to mitigate the cause of the gas
release.

2.Alert the Warren City Fire Department and defer to their
authority for community action.

25 ppm

sustained for any length
of time, at thefenceline

1. Takeimmediate action on-site to mitigate the cause of the gas
release.

2. Inform residents to close windows, shut off air conditioners,
and stay inside.

3. Alert the Warren City Fire Department and defer to their
authority for community action.

Thistable pertains to releases that occur as aresult of on-site work actions.
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